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�1� The cut operation o

Thepwblet : the composition in LS is " infinitely
"

LSCYU )×L5(W ,
X ) - LAW , u )

( Y
,
X ) - YOX - infinite

112
matrix

What is the algorithm . - Y*X
to find this ?

Arter The algorithm goes via an intermediate object

H , X ) - YIX - Y*X

/ l
frank MF of U - W split an idempotent ,

i.e.

with action of a Project onto ground
Clifford algebra stale

.

athecut "

• This canbepwmokdtoanequivalenaofbicategones
8±LS where composition in 8 is by threat .
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Setup . WCX ) ,

V (9)
,
UCZ ) are potentials ,

m - lyl
.

�2�

• Yehmf ( EG ,Z ] ,
U - V )

Xehmf ( ¢[ x , y ] ,
V - W )

- f .d . since Y
. I ,

= EH ]/( ay ,V , . . . ,2ymV ) is a potential

lemma The tensor product
.

YIX ÷ YEP " ,Qn×

with differential

dy@1o1tIo1odxisafrankMFofU-WouerCE5zT.Pv_fSinleetsEf6pJvqypGiDtCHQzJxqeK-elx.EfdimJ.fgN_xtWedefineodddosedElxiZHineavoperatonJg0itGY1X1siEMsatisfyingCliffordrelationsiKq.tg.k

. -0
, Ootgttzitoitxo

#
ygfttrjtri  = fij



find
The main ingredient is Atiyahda= .

�3�

DE Set ti = 2yiV so ty .
. stem is a regular sequence .

There is a E- linear flat connection

T : ¢[[ YD

EKYD@qEgRicft71cwithcomponebtQh.CCkYD.Examp1e_V-ntyNtleCHsot-2yV-yNandCKyDEJxQzC4tH-OEdCKtH.yiandgirenf-Exlfi.y

i fieC[t]

2£ f  = €5.2 ( f :) . yi

Lenny The operator is to make
sense we need to extend

a ,,X
Dha " "m

scalars to EKY ] ] ,
but

[¢y•× ,
Fti ] C ,

Y @ this is alecnnicality .

is EH - linear and therefore passes to a

¢[×H - linear operator on

YIX ±Haq , HE ,e⇐YH .



find
Pw¥ By the Leibniz rule

, for t.CC [ Y ] �4�

Jtiltjh ) = Jtittj ) httj Jt ; ( h )
= Sight tjtdiilh )

:
. [ Hi , tj ] = So

He ; [ dy@x.2tiT.t ;] = - [ [ tj , ohax ] , Zti ]
- [ [ Zti , tjT ,

dxox ]

=
- [

Sijsdy@xJ-O.DDefXTheAtiyahdasTofY1XaretheodddosedClxizHinearoperatosAtiefdyox.2ti7GY1X.Cliffordoperaton_8y.i.itn.Nt

,
. .

,
at GYIX

a = Ati (

annihilation
)

at = - Jyildx ) - t§2yiyeN )AtgIon )

Png These operators satisfy Clifford relations . ( uptohomotopy )



find

D# The cut YIX is the Clifford representation
�5�

( YIX , { Niit } , siam )

in the homotopy category hmflkcx , ⇒ ,
V - W )

.

theorem ( Dyckevhoff -

MH
,

M 4 ) The idempotent

e = 0,
. . . Fiat .

. Nt ( vacuum

projector )
on YIX splits to YOX ,

ie . there is a diagram
of matrix factorisation

: -

e G YIX =
, Yax

g

with

fg = e
, gf  = 1

.

the singular
�1� Computes e as a finite matrix of

polynomials in ¢[*z]
.

@ Strictifies ee=e to EE - E
.

�3� Computes the projector IMCE )±Imk)=Y@X
.

�4� Then this frank IMLE ) is the fusionY*X .
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�2� Homological perturbation �6�

Intherestofthislecturewediscussthepwofofthe

above theorem . Forthiswewillneed

Sm :=A( Kao . . .okOn ) loikl

viewed asatdigradedk . module
. hetcmbethe associative

unitalkalgebrageneratedbysy . .ph ,Nt, .
. . ,Kt subject

to the Clifford relations # ) .

Thenthereisaniso
Cm -±>Endk( Sm )

ri -clinesat - Oi*sH
So Cmistheclilfordalgebra and Smits spiny .

Thefullvenionofthelheoremis

Th_m|MH) There is an isomorphism ofcm - representations

Ex- Smg,HeQa× )
¥

'

withcmactingcanonicallyontheright .
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D# Astnngdeformatfet ( SDR ) is

�7�

( M , d) -÷ ( A , d) , ¢

where M
, A area . graded R - modules ( Raving )

and both d2=W for some WER
,
such that

• Th = 1
,

• Zte = 1- [ d , $ ]
,

• $2  =  0 ,

• ¢f =Q
. If = 0

,

Now let J :A A be an odd operator ouch that

( dt JT - V . 1A ( V possibly #W )

Lemma ( Homological perturbation ) If lot has finite order,
-

there is a strong deformation retract
Too

( M , doo ) = ( A ,
dtJ )

,06
-



furled

PwofofTh= Theveisan SDR C ti - Zyiv )
�8�

^(Koyo . . -0120 " )
"
dk

( Ju ,0)=,( Sm
, .Etioi* )

whichgivesnsetoansdp

( YQJUOX ,0 ) -

-

- ( SMOCYOX ) ,dk )
YIX

Thenmingdy@xasapeVtuvbationstheperturbationlemmaaboveyie1dsanSDRCY1x.d

.To× ) -_ ( SMQHOX ) ,dk+dy•x )

÷mattox ) ,dy•x ) .

Thisbecauseeachtiactsnu1thomotopicallyonY@X.D
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�3� An equivalence of bicalegones @

The homotopy equivalence

YIX => 5mg ( Y@X )

can he promoted to an equivalence of bicategones

if ± Les

where 6 has

• objects same as Les ( i.e. potentials )

. tmophisj W V are frank ME of V - W

equipped with the action of a Cliffordalga
wmpositionn is by the cut operation .

All the structures and operations of 8 arefinitavy , and
described as polynomial functions of their inputs .

In
this sense 8 is a

" finite model " of LS .

Conclusion • ZD defect TFT = bicalegories
-

. Bicategouy LS ,
fusion = composition

. Generalised orbi folding
. can compute !
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